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TENSILE-STRENGTH BIVESTIGATION OF CAST-IRON 
PISTON RINGS OF VARIOUS STRENGTHS 
By Edmond E. Bisson and Harold D. Kessler 


SUffltARY 

Tensile tests were made of NACA microtensile specimens of 
O.O^O-inch diameter sectioned from finished cast-iron piston rings. 
Tests were also made on NACA microtensile and bar specimens sec- 
tioned from castings of 145,000 and 70,000 pounds per square inch 
nominal tensile strength. Photomicrographs are presented in the 
report to show the relation between graphite-flake size and tensile 
strength and radiographs are given to show slurinkage cavities in 
finished piston rings. 

Tests of NACA microtensile specimens from finished piston rings 
of various nominal tensile strengths showed the following results; 


Nominal tensile 
strength 

(Ib/sq in. ) 

U5,000 

68,000 

70,000 


Average tensile 
strength from NACA 
microtensile tests 
(ib/sq in.) 

58.000 to 143,000 

68,900 

57.000 to 63,000 


In general, the test results of NACA microtensile specimens were 
somewhat lower than the test results from bar specimens sectioned 
from the same castings . 

The metallographic exam.ination showed that the lower strengths 
Tifere accompanied by larger graphite-flake sizes. Shrinkage cavities 
had an adverse effect on the tensile strength of cast-iron rings of 

95,000 pounds per square inch nominal tensile strength, as shown in 
radiographs and photomicrographs. 

The use of the NACA microtensile specimens in a tensile-strength 
investigation has the advantage of permitting the use of finished 
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piston rings which have been cast in a production manner. On the 
basis o.f the agreement of test results from NACA microtensile speci- 
mens with results from bar specimens, it is believed that the tests 
on NACA microtensile specimens obtained from all portions of the 
castings or rings give representative tensile strengths. 


BITRODUCTION 

As the power of an aircraft engine is increased, the precision 
of construction and the quality of every engine part must be improved. 
The piston rings are one of the first parts to fail as the operating 
loads and temperatures in an engine cylinder are increased. The type 
of failure varies from scui'fed and feathered rings, which result in 
high oil consumption, to stuck and broken rings. One of the important 
properties of the piston rings fromi a consideration of the resistance 
to breakage is the tensile strength of the ring material. The wear 
properties of piston-ring materials may vary appreciably with tensile 
strength but resistance to wear is more dependent on other factors. 

An investigation of the tensile strength of cast-iron piston 
rings was conducted early in 19W-1 ^t the NACA Aircraft Engine Research 
Laboratory. The prirnar 3 " object of the investigation '‘Wis to determine 
the tensile strength of cast-iron piston rings of various nominal ten- 
sile strengths. A secondary object v/as to compare the NACA micro- 
tensile method of testing with the stan^iard tensile-bar method of 
testing piston-ring materials ^ The investigation was concerned only 
with the tensile strength of the rings and the effect of microstructure 
on tensile strength® 

Because of the nat'ore of cast iron, the physical cJiaracteristics 
of the material are dependent to a large extent upon foundry treatment. 
The problem therefore arose of how to investigate the material on the 
basis of its ultimate tensile strength. One method in current use 
consists in making special test castings having straight socti.ons that 
can be used as tensile specimens. This standard method was one of the 
two used in this investigation. The second method, developed at the 
NACA, utilizes microtensile test specimens small enough to be sec- 
tioned from finished piston rings. This second method has the advan- 
tage of permitting the use of piston rings cast ijo a production manner; 
the results of this method shoiild therefore be representative of the 
tensile strengths of piston-ring materials in the finished piston-ring 
condition® In comparison wo.th usual cast irons, piston-ring cast 
irons have relatively small graphite flakes; it is therefore believed 
that microspecimens should be suitable for tensile tests of piston- 
ring materials. 
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Microtesting of steel and iron has been the ob.ject of much dis- 
cussion. In reference 1, a method of testing microtensile specimens 
is described in a study of welds where microtensile specimens of 
0.059-inch diameter were sectioned from various zones of steel welds. 
Eugene (reference 2) has described a method of testing small cast- 
iron specimens of 0.222-inch diameter in production control of a 
cast-iron foundry. Each author states that his method of testing 
microspecimens of homogeneous materials is comparable with standard 
test methods within the expected scatter of results for cast irons. 
Draffin and Collins (reference 3) state that this scatter may vary 
as much as 10 to 11 percent for iron castings from the same pouring. 


TEST SPECI’IENS AI'JIj APPARjITUS 

Specimens. - Two types of tensile specimen were used; the bar 
specimen (fig. 1(a)), which is a specimen generally used by ring 
manufacturers in determining tensile strength; and the NACA micro- 
tensile specimen (fig. 1(b)). The NACA microtensile specimen is 
approximately one— tenth the size of a standard A.S.T.M. 0.505-inch- 
diameter tension-test specimen for cast iron; hovrever, a longer 
proportionate distance was left between the reduced area and the 
thread. The increased length was required for greater ease in 
handling the small test specimens. 

The bar specimens were machined from the straight sections of 
the test castings (fig. 2). The NACA microtensile specimens vrere 
sectioned from (l) the curved sections remaining after the straight 
sections had been removed from the test castings (fig. 3(3-))* 

(2) the unfinished rough bar specimens (fig. 2(b)) j (3) the machined 
bar specimens (fig. 3(b)); and (U) the miscellaneous finished piston 
rings (fig, 3(c)). The difference between the number of specimens 
prepared and the number for which test results are reported resulted 
from the fact that some specimens broke outside the gage length. 

The diam.eters at the gage length of the specimens were measured 
on a pedestal comparator to the nearest 0.0001 inch. Tvro perpen- 
dicular diameters viere measured. These diameters were averaged in 
order to obtain the diameter used for calculating the cross-sectional 
areas . 

Radiography. - In order to obtain reliable results it was found 
desirable to radiograph all materials before machining into tensile 
specimens. The location of defective areas in the castings or rings 
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was detected by radiographs and specj.inens were selected from both 
defective and solid sections to test their respective properties » 
Figures U and ^ are radiographs of finished cast-iron rings liaving 
a nominal tensile strength of 55»000 poamds per square inch. 

Ring AE-2 (fig. U) and ring AE-10 (fig. 5(b)) had shriixkage cavi- 
ties j ring AE-7 (fig. 5(a)) was free from such defects. 

Testing machine and holders. - T?ie bar specimens were tested 
on a 120, 000-pound-capacity universal hydraulic testing machine 
using the 6000-ponnd range of loading. A pair of 10 , 000-pound- 
capacity Teniplin grips vras used to hold the snecimens. (See fig. 6.) 

The NAGA laicrotensile specimens were tested on another 
120,000-pound-capacity universal l3ych'au].ic testing machine using 
the 1200-pound range of loading. Specially designed luiiversal joints 
were used in testing small specimens. The joints v^er3 alined until 
eccentricity was reduced to a minimum. One end of each holder was 
tapped for the spherical seating bolt used vdth the Tempi in grips. 
The other end was tapped to hold the tiireaded specimen. Figure 7 
shows the holders aiid the 1-I/vCA microtensilc specimen. 


TEST PROCEDlhiE 

Two series of tests were made. In the first series, the ten- 
sile strengths' of NAGA microtensil.e specimens .trom finished piston 
rings vrere compared with nominal tensile strengths. In the second 
series, the tensile strengtlis of NAGA microtensiie and bar specimens 
sectioned from specia], casbjngs -were compared vri.th each other and 
v.'ith the nominal tensile strengths. 

The actual procedure for i-unning the tensile tests was similar 
to the procedure for testing standard-oise specitaens. A rate of 
loading of 90 pounds per minute was used in testing the NAGA micro- 
tensile specimens and a rate of loading of 750 pounds per minute was 
used in testing the bar specimens. Both rates of loading were chosen 
to give approximately the same stress incr oas? per ’mit time. 

Tests of NAGA mi crotensiie speci me ns from finished piston rings. 
Tests of NAGA microtensiie specimens from finished rings were made 
for comparison ifirith the manufacturer's nominal tensile strength 
of their ring materials. Tests v^ore made of cast irons of l45>000, 
63,000, 70,000, 30,000 arid 95jOOO pounds per square inch nominal ten- 
sile strength. 

Tests of NAGA microtensiie speeimens and bar specimens. - Tl'ie 
tests of NAGA microtensiie and bar specimens Tfere made on the fol- 
la«ng cast-iron samples; • 
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(a) 70,000 pmmds per square inch nominal, as cast and heat 

treated 

I 

(b) 70,000 pounds per square inch nominal, machined tensile 

bars 

(c) U'jjOOO pounds per s quare inch nominal, roup.h bar specimens 

from test castings 

Si>: NAGA microtensile specimens and two bar specimens ’.vere sec- 
tioned from each casting of 70,000 pouiids per square inch cast iron. 
Two samples of as-cast and four of heat-treated castings were tested. 
Of 17 bar specimens received from, the ring manufactiu-’er, 10 were 
tested as bar specimens. The other 7 vrere sectioned into 5 NAGA 
microtensile specimens each (fig. 5(b)) giving a total of 21 N.ACA 
microtensjJLe specimens. 

Out of 10 rough bar specim.ens, 7 from castings of nominal 
)4!;',000 pounds per square inch cast iron -"rere machjjaed into finished 
bar specimens; 9 NACA microtensile speciraens were machined from the 
other 5 rough bar specimens (fig. 3(b)). 

Accuracy of tests. - The accuracy of the diameter measurements 
by the pedestal comparator vfas iO,^ percent. The acciiracy of tensile 
tests on bar specimens wa-s percent in the range of testing 

(1000 to 2200 lb). The acdaracy of tensile tests on NACA microtensile 
specimens was low, before correction, in the range of testing (^0 to 
200 lb). A calibration curve (fig. 3) was determined for the 
1200-pound range of the 120,000-pound universal testing machine for 
loads from 20 to 260 pounds. Test loads were corrected to within 
±1 percent of the true values using the following formulas 


actual load = machine reading 

The ovor-all accuracy of testing after 
cent. 


T „ percentafl 

160 


■;e error^ 
GO J 


correction wia within ±2 per- 


Metallograi~)hy . - In order to determine the effect of the micro- 
striicture of the cast irons on the test results, photomicrographs 
were taken of unetched and etched specimens at a magnification of 
200 diameters. The specim^eris were propai'ed by rough polishing suc- 
cessively on Mo. 2 tlirough Wo. 000 grit emeiy papers. The specimens 
vrere finish-polistied first on a n-ir. lap impregnated vrith 600 grii- 
alur.ina, next on a paraffin lap with levigated alumina, and last on 
a VE;lveteen cloth using magnesium oxide. Specimen etching ms done 
•with a ii-percent picra.l solution. 
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RESULTS AND DISCUSSION 

Tests of NACA microtensile specimens from finished piston 
rings . - The results of tests of NACA microtensile specimens from 
finished piston rings are shown in table I and figure 9* The cast 
iron of 9 ' 7,000 pounds per square inch nominal tensile strength gave 
widely varying results. A radiograph (fig. h) shovrs that ring AE-2 
had much shrinkage porosity. Results of these tests were conse- 
quently low. Although ring AE-7 (fig. ^(a)) was free of defects, 
tensile-test results indicate that this ring had a low tensile 
strength. Ring AE-10 was radiographed before testing (fig. ^(b)) 
and specim.ens were selected from both defective and solid sections. 

The Vifidely varying results proved that a choice of sections is very 
important. Tensile— test results in the defect— free sections of 
ring AE-10 check closely with the nom.inal tensile value, whereas 
the specimens having shrinkage cavities showed low tensile strength. 
(See table I and fig. 9.) 

Results for ring AF-2 (nominal tensile strength, 30,000 Ib/sq in. 
vrere low. Because this ring was not radiographed before testing, it 
is not known whether defects were responsible for the low values. 

Results obtained on the cast-iron rings of 68,000 pounds per 
square inch nominal tensile strength showed an average tensile 
strength of 68,900 pounds per square inch. The average results of 
the 8^-inch-diaraeter rings of 70,000 pounds per square inch 

nominal tensile strength fell below the nominal value. Average ten- 
sile values for the miscellaneous stock rings fell slightly below 
the nominal tensile strength of It '^,000 pounds per square inch. 


Tests of NACA microtensile specimens and bar specimens . - The 
tests of NACA microtensile specimens and bar specimens (table II and 
fig. 10) indicate that the tensile strengths of the NACA microtensile 
specimens were 9*6 to 10.6 percent lawer than the tensile strengths 
of the bar specimens. A 9.2-percent difference in average tensile 
strengths between NACA microtensile and bar specimens was found for 
specimens machined from as-cast castings of 70,000 potmds per square 
inch nominal tensile strength. A 10.6— percent difference in average 
tensile strength between NACA microtensile and bar specimens was found 
for specimens machined from heat-treated castings of 70,000 pounds 
per square inch nominal tensile strength. These differences resulted 
from the fact that NACA miicrotensile specim.ens were sectioned from 
both weak and strong portions of the casting, whereas the bar speci- 
mens were sectioned from only the strongest portions. The test 
castings were so designed that the gates were at tA^e large arcs of 
the casting (as siiown in fig. 2). The areas in the proximity 
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of the gates and risers probably have a great heterogeneity of 
structure because of the lower cooling rates induced by the resulting 
heay/- section. The tensile strengths of the specimens sectioned 
from these areas therefore have the greatest spread and the lowest 
average values. 

The results of the tests on nominal 70,000 pounds per square 
inch finished bar specimens support the explanation offered in the 
previous paragraph for the difference in average tensile strength 
between NACA rnicrotensile and bar specimeiis. In these tests, NACA 
microtensile specimens were actua].ly sectioned from bar specimens 
and co!nparisons were made only on the basis of strong sections. A 
difference in tensile strength between NACA microtensile and bar 
specimens of 1|000 pounds per square inch ('^.6 percent) resulted from 
these tests. 

The tests of bar specimens of ii5,000 pounds per square inch 
nominal tensile strength indicated a difference between NACA micro- 
tensile and bar specimens of I 4 OOO poiinds per square inch (8 percent). 

Based on the agreement of test res’ilts from NACA microtensile 
STXJcimens with resnlts from bar specimens, it is believed tliat the 
tests on NACA microtensile specimens obtained from all portions of 
the castrlngs or rings give representative tensile strengths. 

Table II shoiA'S that the range of tensile strengths for bar 
specimens w’as relatively narrow when only two bars were tested for 
each set of average values . When seven or eight bars vrere tested 
for each set of average values, tJ\e range of tensile strengths was 
much wider. 


The range of values was wider for microtensile tests than for 
bar tests from each casting but, iii each case, a greater number of 
microtensile tests was rijin. The range of tensile values for an 
equal number of tests is approximately the same for NACA microtensile 
and bar specimcT'ic. An explanation for t>ie udde range of values 
obtained in the mici'otensile tests may lie in the varying graphite- 
flake size of the MCA microtensile test specimens. 

Mo tall ographic s tudy . ~ The average tensile strengths obtained 
from tests of a nuinber of MCA microtensile specimens from each test 
casting checked favorably with values obtained from bar tests run at 
liERL or by the ring m-anuf actiu'ers . Individual ABRL tests, however, 
varied as much as UO percent in some cases, whereas the general range 
of reproducibility of results of standard tests on cast irons from 
the same pouring is stated in reference 3 'to be 10 to 11 percent. 

The variation in the ANRL tests may have boon due to differences in 
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the graehitc-flake size of the MACA rcicrotensile-test specimens. 
Differences in graphite-flake size have more effecb on test results 
for microtensile specimens than for bar specimens becai’se the 
grap’iite flakes take up more proportionate area in the small than 
ia the large specimens. Differences in graphite-flake size vrere 
observed by examining and comparing polished cross sections of NAGA 
microtensile specimens of high and lovf tensile strengths from 
castings, bars, arid rings. In general, for cast irons of U[5,000, 
68,000, and 70,000 pounds per square inch nominal tensile strengths, 
the specimens of high tensile strength shoTived finer graphite-flake 
sizes than the specimens of low tensile strength. (See figs. 11 to 
17.) The NACA microtensile tests on cast jjron of 9?j000 pounds per 
square inch nominal tensile strength showed that lovr tensile strengths 
were obtained v/hen shrinkage porosity was present at the fracture of 
the tested specimens. (See fig. 17.) 

Figures 11, 32, and 13 illustrate the structural differences 
bet’vYeen low-strength and the Idgli-strength speci.mens of as-cast and 
heat-treated cast irons of 70,000 pounds per square inch nominal 
tensile strength. The large graphite flakes in the Icrtr-strcngth 
specimens indicate that large flake size ■was probably the cause of 
the low-strength \’alues of these cast irons. i^Jhen the specimens 
were etched v/ith L-percent picral to determine if any additional 
differences in structure could be observed, disregarding graphite 
flakes, no other important differences in structure were found. (See 
figs. 11 to 17.) 

Figure lU (cast-iron ring specimens of 63,000 Ib/sq in. nominal 
tensile s'brength) also substantiates t!ie fact that large graphite 
flakes reduced the tensile strength. Figures I";) and 16 (cast-iron 
ring specimens of irh,000 Ib/sq in. nominal tensile strength) show a 
difference in flake size but the difference is not so outstanding 
as shovm in the previo'us fj.g’ures. It should bo noted, however, that 
the differences in tensile strength are not so great as they were 
in the higiier-strength cast irons. Because the tensile strengths for 
cast iron of U5^,000 pouaids per square inch, nominal tensile strength 
fell close to each other in most tests, it i.s believed that the 
UG,000 pounds per square inch nominal tensile strongth material has 
a more homogeneous structure than the cast iron of 7D,00Q pounds per 
square inch nominal tensile strength. 


The effect of shri.nkage cavities on tensile strengtl'i is shoivn 
in figure 3 7. Figure 17(a) shers sir •Ink-age cavities in a low-strength 
test specimen that was sectioned from a finis’^ied piston ring o:C 
9^,000 pounds per square inch nominal tensile S‘‘.-rength; tests 
sho'vved that tlds specimen had a tensLl.e strength of 60,600 pounds per 
square inch. Figure 17(b) shows an al.inost dafect-fr :e specimen that 
vicas sectioned fx'om the same ring; tliis specimeji gave a tf'^st va3.ue of 
99 >000 pounds per square inch. 
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SUmRY OF RESULTS 


Results of tests of MCA microtensile specimens from finished 
cast-iron piston rings of various nominal tensile strengths showed 
that : 


1. The rings of 95 jOOO pounds per square_ inch nominal tensile 
strength were greatly affected by shrinkage cavities. Average 
results as high as 90,300 pounds per square inch, however, were 
obtained by testing known defect-free areas of one ring. 

2. The ring of 80,000 pounds per square inch nominal tensile 
strength gave an average value of 71,300 pounds per square inch. No 
radiographs vfere made of this ring and it is not known if shrinkage 
cavities were responsible fcr the low tensile values. 

3. The rings of 68,000 pounds per square inch nominal tensile 
strength gave an average of 68,900 pounds per square inch. 

U. The rings of 70,000 pomds per square inch no;ninal tensile 
strength gave an average value of $9,900 pconds per square inch. 

$. Various rings of U$,000 pounds per square inch nominal ten- 
sile strength gave average values slightly below the nominal tensile 
strength. 

6. Metallographic examination of high-strength and low-strength 
specimens from given castings, bars, and rings showed that specimens 
with larger graphite flakes had lower tensile strengths. No other 
important structural differences were observed. 


Results of tests of NACA microtensile and bar specimens from 
cast irons of 70,000 and U$,000 pounds per square inch nominal ten- 
sile strength showed that: 

1 . The NACA microtensile specimens from as-cast test castings 
of 70,000 pounds per square inch nominal tensile strength gave a 
tensile strength 9.2 percent lov/er than the tensile strength of the 
bar specimens. The heat-treated test castings of 70,000 pounds per 
square inch nominal tensile strength gave a tensile strength 10.6 per^ 
cent lower for the NACA miicrotensile specimens than for the bar 
specimens. These differences can be largely attributed to the fact 
that som.e NACA m.icrotensile specimens vrare machined from low-strength 
sections. 
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2. The NACA microtensile specimens from finished bars of 
YOjOOO pounds per square inch nominal tensile strength gave a ten- 
sile strength 5,6 percent lower than the tensile strength of the 
bar specimens. 

3« The NACA microtensile specimens from rough bars of 
U5<000 pounds per square inch nominal tensile strength gave a ten- 
sile strength 8 percent lower than the tensile strength of the bar 
specimens , 

ii. The results of the tests run at AERL on bar specimens of 
70,000 and U^^OOO pounds per square inch nominal tensile strength 
checked closely with the results of bar-specim.en tests made by the 
manufacturer. 

The use of the NACA microtensile specimens in a tensile-strength 
investigation has the advantage of permitting the use of finished 
piston rings which have been cast in a production manner. Based on 
the agreement of test results from NACA microtensile specimens with 
results from bar specimens, it is believed that the tests on NACA 
microtensile specimens obtained from all portions of the castings 
or rings give representative tensile strengths. 


Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I 


TESTS CE NACA itrcROTSoISILE SPECII-^SNS FROM FINISHED 


TJT'Tn.Q 


Nosiinal 

"osnsixs 

Ring 

T:,’T;e of pi 

•Ston ring 

Number 

Range of values 
(ib/sq in.) 

Average 

tensile 

aesig- 

Face 

!I o'?:inal 

tested 

strength 
(ib/sq in.) 

nation 


diai?xeter 

(in.) 



strength 
(Ib/sq in.) 

95,000 

AE-2 



u 

60, 600-76, Uoo 

69,700 

AE-7 



/C 

o 

7U, 900-86, 70 c 

80,500 


AE-10 



7 

31,900-93,200 

90,500 


A5-10 



ap 

57,^^0-59,600 

58,300 

80,000 

AF~2 



h 

62, 600-73, Uoo 

71,300 

. 66,000 

ZY~l 


rl 

h 

62,200-85,300 

71,400 


ZZ-1 


2 

h 

58 , 500 - 72,300 

66,1x00 







68,900 Average 

?0,000 

1 



u 

50,100-73,400 

62,900 


2 


' 2 

h 

55 , 500 - 62,800 

56,900 







59,900 Average 

U5,000 




3 

40,300-43,800 

42,300 



"2 


c-5 

Taper 

2 

3 

54,ooo-)a,30o 

58,500 


B-20 

Beveled 

5 i 

2 

k 

31 , 200 - 1 x 1,500 

37,900 


C— 25 

Chrome- 

6 i 

h 

1 x 2 , 100 - 1 x 3,700 

42,900 



plated 

8 





CM 

1 

Flat 

6^ 

3 

h 

1 x 0 , 700 - 1 x 2,500 

41,500 


3 . 

Sections shorr shrinkage cavities. 
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TABLE II 


TESTS OF NACA IUGROTEFSILE AFL BAR SPEGIIvENS 


Gast i 

ron 


NACA nicrotensile 

specimens 

Bar spacinens 

Differ- 

Nominal 

strength 

Type 

Cast- 

ing 

Number 

tested 

Range of 
tensile 

Average 

tensile 

Number 

tested 

Range of 
tensile 

Average 

tensile 

ence be- 
tween NACA 

(Ib/sq 


mim- 

s trength 

s t x' eng c n 


strength 

strength 

micrcten- 
sile and 
bar speci- 

in,) 


ber 


(ib/sq in.) 

(ib/sq in.) 


( Ib/sq in.) 

( Ib/sq in . ) 

mens 










(percent 

reduction) 










(a) 

70,000 

i'i.o ctS "t 

1 

5’ 

!i6,U0C-d6,800 

50,900 

2 

5c,i:n-5B,ooo 

57,100 

9.2 


cast- 

2 

5 

5o,^oo->)j„900 

52,500 

2 

55,300-56,700 

56,300 



ings 




51,500 Average 



56,700 Average 


70,000 

Heat- 

1 

6 

9E^,ii00-7U,500 

61i,700 

9 

63,500-76,500 

72,500 

10.6 


treated 

2 


62, 600-76, too 

66 , too 

2 

69,700-72,100 

70,900 



cast— 

5 

u- 

*^4,500-66,600 

59,800 

2 

61,300-65,700 

6^,000 



ings 


6 

52,500-70,600 

59,500 

r\ 

C. 

6 8 , '300-7t , too 

71,600 







62 , 600 Average , 



70,000 Average 


70,000 

Bar 

sped- 

mens 


20 

56 ,u 0 .;- 75,300 

67,100 

8 

60,000-73,100 

{?L ^ iOO 

5.6 

l4i,000 

Bar 

speci- 

mens 


9 

1 x 3 , 800 - 51,900 

t6,100 

7 
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(ti NACA ifiicrotensi le specimen. XIO. 
Figure 1. - Bor and HACA microtensi le test specimens. 
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(a) 


Gate 

Test casting. 


hlACA 
C- 365-5 


(b) Rough bar specimens 


Figure 2. - Test casting and rough bar specimens approx imately 1 actual size 
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Figure B. - Location of tiACA microtens i le and bar specimens taken from test castings, 

bar spec imens, and finished piston rings. ^ 

O’ 
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Figured." Radiograph of ring AE~2 showing shrinkage cavities. Nominal tensile strength, 95,000 pounds per square inch. 
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Typical shrinkage 
cavities 


A/iCA 

C-520Z 


(a ) Ring A E' 7, soU 0. 


Figure 5 “ Radiographs of rings AE'7 and AE^fO showing shrinkage cavities in ringAE'fO 
strength^ 95fiOO pounds per square inch. 


(b) Ring AE^IO, 
shrinkage cavities. 

Nominal tensile 


NACA ARR No. E5B 21 
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Fig. 6 



naca 
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Figure 6 


Test setup showing the Tewplin grips and bar 
spec imen. 
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Fig. 7 



Figure 7. ffACA microtensi le-spec imen test setup shoulrii 

the universal joints, holders, and an NACA mlcro^ 
tensile specimen. 
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Fliure 8. - Cal I brat Ion curve for 120, 000-^ound universal testing machine. Scale 

range, 1200 pounds. Actual load - machine reading Cl - percentage error ). 
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Ring 
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Sections showing shrinkage cavities. 


Figure 9*" Average results of tensile tests on NACA micro tensile cast-iron specimens from 
finished piston rings of U5#000, 68,000, 80 , 000 , and 95,000 pounds per square 

Inch nominal tensile strength. (Data from table I.) 
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cast Iron 


Nominal 

strength 

(Ib/sq 
in, ) 


Type 


Tensile strength, Ib/sq In. 

20,000 UO.pOO . 60,000 80,000 100,000 



figure 10. - Average results of tensile tests of NAOA ralcrotenslle and bur 

fpeclmens from tfst castings of L5.000 and 70,000 pounds per square Inch nominal 
tensile strength, (Data from table H. ) 
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Fig. I I a , b 




Unetched 


Etched Nith percent picrat 


(a) Tensile strength, 50,500 pounds per square inch, X200, 


Unetched Etched uith 4-percent picral 

lb) Tensile strength, 81, 000 pounds per square inch, X200. 

Figure 11. - Photomicrographs of specimens shouing larger 

graph ite-f lake sizes for the specimens of lower 
tensile strength. All specimens were sectioned 
from cast iron of 70,000 pounds per square inch 
nominal tensile strength (as cast). Test 
casting 2. 


NACA ARR No. E5B2I 


Fig. I 2a , b 



Unetched Etched uith 4-percent picral 

(a) Tensile strength, 61,500 pounds per square inch, X200, 



Unetched Etched uith 4-percent picrol 

(b) Tensile strength, 74,800 pounds per square inch, X200, 


Figure 12, - Photomicrographs of specimens shouing larger 

graphite- flake sizes for the specimens of lou- 
er tensile strength. All specimens uere section- 
ed from cast iron of 70,000 pounds per square 
inch nominal tensile strength (heat treated). 

Test casting 1, 
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Fig. I 3a , b 
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unetched Etched with 4-percent picral 

(bj Tensile strength, 73, 400 pounds per square inch. X200. 

Figure 13. - Photomicrographs of specimens shouing larger 

graph ite-f lake sizes for the specimens of lower 
tensile strength. All specimens were sectioned 
from a heat-treated 5^-inch-nomina l-d iameter 

finished piston ring of 70, 000 pounds per square 
inch nominal tensile strength. 
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Fig. ma,b 



Unetched 


Etched uith 4-percent picral 


(a) Tensile strength, 58,300 pounds per square inch, X200. 



(b) 


Unetched 

Tens lie strength. 


Etched uith 4-percent picral 
72,300 pounds per square inch. X200, 


Figure 14. - Photomicrographs of specimens shouing larger 

graph i te-f lake sizes for the specimens of louer 
tensile strength. All specimens uere sectioned 
from a finished piston ring of 68, 000 pounds per 
square inch nominal tensile strength. Ping IZ~1> 
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Fig. I 5a , b 



Unetched Etched with 4-percent picral 

la) Tensile strength, 34,000 pounds per square inch. X200. 



Unetched Etched uith 4-percent picral 

(b! Tensile strength, 41, 300 pounds per square inch. X200. 

Figure 15. - Photomicrographs of specimens shouing larger 

graph ite-f lake sizes for the specimens of lower 
tensile strength. All specimens were sectioned 
from a finished piston ring of 45,000 pounds 
per square inch nominal tensile strength. 

Ring C-5. 
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Fig. I 6 a , b 



Unetched Etched with 4-percent picrot 

(a) Tensile strength, 32,000 pounds per square inch. X200. 



Unetched Etched with 4-percent picral 


(b) Tensile strength, 45, 600 pounds per square inch. X200. 

Figure 16. - Photomicrographs of specimens showing larger 

graphite-f lake sizes for the specimens of ten- 
sile strength. All specimens were sectioned 
from a finished piston ring of 45, 000 pounds 
per square inch nominal tensile strength. 

Ring B-2. 
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Unetched Etched uith 4-percent picral 

(a) Representative sample shouting defects in the form of 
shrinkage cavities. Tensile strength, 60,600 pounds 
per square inch. X200. 



I '•a" 


Unetched Etched uith 4-percent picral 

(b) Re present at i ve sample of defect-free section from same 
ring as (a). Tensile strength 95, 000 pounds per 
square inch. X200. 


Figure 17. - Photomicrographs of specimens shouing the dif- 
ference in microstructure between high and low 
tensile-strength spec imens. All specimens were 
sectioned from a finished piston ring of 95,000 
pounds per square inch nominal tensile strength. 
Ring AE-2. 


